Piezoelectric Effect in Sodium Acetylacetonate Compound by Tawfik, A
Indian J . Phya. 49, 386-389 (1975)
Piezoelectric efFect in sodium acetylacetonate compound
A. Tawi t^k
Electronic Research Centre  ^ Union of Broadcast and Television,
Cairo, Egypt.
(Received 2 January 1975)
The piezoelectric effect in polarised sodium  acotylacctonate com ­
pound has boon studied. The linearity o f the stress dopeudence 
o f charge was attributed to  generation o f piezoelectric field in the 
sam e direction as the original poling field. This field encourages the 
dom ains to  bo reoriented after releasing the static stress. The peak  
open circuit voltage (p.o.c. v.) increased w ith  increasing the poling field.
The decrease o f  the p .o .c.v . w itli raising tem perature is due to  conduc­
tion  and the m aterial becam e unpiezoeloctric a t 80^*0.
1 . I n t r o b f o t i o n
Piezoelectric transducer m aterials have held a k ey  position as electroacoustic 
transducers in th e sonic and ultrasonic range for some forty years. U n til the  
late 1940 piezoelectric transducers consisted o f a handful o f piezoelectric single 
crystals, notab ly  quai*tz, fochelle salt, torrmaline, am m onium  dihydrogen phos­
phate, etc. In  1947 the first piezoelectric transducer em ploying polarised ferro­
electric barium titan ite  ceramics appeared since 1957 BaTiO^ has been repaced 
by lead titanate-zirconato solid solution ceramics offering higher peizoelectricity. 
h'errooloctrics have electronic and ionic displacem ents producing nets pontaneous 
polarization, which can be preferentially oriented by an applied field (Jaffa 1958, 
Egorton 1955, Shirano 1952, Swaguchi 1953, Ouchi 1965, Tawfik 1969).
The aim of th is Avork is to  stu d y th e piezoelectric effect o f sodium a c e ty l- 
acetonate in  order to  throw some light on th e relation between the piezoelectric 
effect in th is com pound and th a t in  ferroelectric m aterials.
2, Experimental Procedure 
Preparation of Sodium Acetylacetonate
Na (ac ac) was prepared from the reaction o f the sodium  hydroxide w ith  
uicetylacetone. The principles o f th e preparation depends on th e fact th at aoe- 
tylacetonc (CH3-C -C H 2-C -C H 3) has very active hydrogen atom  in CH^ group.
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This hydrogen tends to  be replaced b y  the m etal atom  to  form N a (ac ac). The 
compound was com pressed in to  rectangular shape 1x1 cm and thickness 4 mm. 
The pieces were polarisedi fpr oue hour a t room tem perature by different fields 
(50, 100, 150, 200). The polarised sam ples wore then  tested  after one hour.
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Measurement of the Piezoelectric Effect
The effect o f tem perature on the open circuit voltage was measured by an  
electronic circuit (Amin & Tawfik 1972). The generated charges were recorded 
also by galvanom eter (VEB K  Meoteobnik Mellenback/Thur, App. Nr, 04654) 
connected across the sample. The piezoelectric constant o f  N a (ac ac) 
com pound was calculated from the following equation (Mason 1962).
dai =  e/47T.
V
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where e is the dielectric constant o f the sample at low  frequency, V  the peak  
open circuit voltage, F  the force dyne and T the thickness in cm
3. Results
Effect of Stress on the Peak Open Circuit Voltage (P.O.C^V.) of Polarised Sodiurii 
Acetylacetonate Sample
Samples of sodium acetylacetonate compound were used to  study the p ie z o -' 
electric effect. The samples wore differently polarised and then left to  about one 
hour before the experim ental run.
Figure 1 shows the relation between the peak open circuit voltage (P.O.C.V.) 
and the stress in  th e direction perpendicular to  the poling field for th e polarized  
N a (ac.ac) sample.
Fig. 1. StresB dependenoe of the F. O. C. V. of polarized sodium acetylacetonate.
I t  was noticed th at P.O,C,V. increased in nonlinear relationship w ith  the  
applied stress. The linearity o f th e generated charge stress curves were observed. 
Figures 1 and 2 showed also th at th e slope o f P.O.C.V, and charge stress curves 
increased w ith increasing the m aterial polarization.
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Temperoiture deperidence of piezoelectric response
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The P.O .O .V o f N a  (ao ac) sam ple was tested  at different tem peratures. The 
results g iven  in  figures 3 and 4  show th a t th e slope o f th e curve decreased as th e  
tem perature increased and th e P.O.C.V. was nearly vanished at about 80®C. The 
piezoelectric constant dgj was determ ined a t d ifferent tem perature from figure 3 . 
It was found th a t the piezoelectric constant o f  the sodium  acetylacetonate  
com pound decreased w ith  tem perature and th e m aterial becam e unpiozoelectric.
Fig. 3. Effect of temperature on the stress dependence of P. O. C. V.
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Fi|Qj. 4. Effect of temperature on the piezoelectric constant
4 .  D i s c u s s i o n  \
The Piezoelectric Effect in Na (ac ac) Compound
Tho linear effect of stress on the P.O.C.V. for N a (ac ac) com pound was pre­
viously observed in ferroelectric materials a t low stress level (Jaffe 1958, Tawfik  
1969, Amin 1972). I t  was noticed th at the slope o f tho P.O.C.V. stress curve 
increased w ith  increasing the polarization effect in the sam ple. This m ight be 
explained as follows.
I t  is well known th a t 180° domains are responsile for piezoelectric effects in 
tho cyrstals. Therefore, by increasing tho polarisation o f tho sample a more pro­
portion of 180° dom ain was thus reversed during th e poling. These dom ains were 
m aintained entirely after rem oving the poling field. The strength o f polarization  
thus increased resulting in a higher not polarization at the surface o f tho sample 
under an im pressing stress. The stress dependence o f the generated charges is 
linear because the charges appearing on tho oloctiode surfaces m aintain an electric 
field in tho same direction as the original poling field. Tins field encourages the 
domains to  be reoriented after releasing tho static stress.
The nonlinear behaviour o f tho stress dependence of the electric field is due to  
piezoelectrically generated electric field which tend to m aintain in th e opposite 
directioji to  the original poling field and domain reorientation occurs even loss 
readily under open circuit than short circuit conditions. I t  is obvious th at the 
behaviour o f the piezoelectric effect in polarised N a (ac ac) is similar to  th a t of 
tho ferroelectric materials under short circuit condition. Tho increase o f conduc­
tion  through tho sample w ith  raising tem perature caused the decrease o f the  
piezoelectric response.
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At SO^ O the polarization disappeared and the material became unpiozoelec*
trie.
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